Key indicators: single-crystal X-ray study; T = 295 K; mean (C-C) = 0.004 Å; R factor = 0.041; wR factor = 0.112; data-to-parameter ratio = 17.9.
Related literature
The structure of a very similar compound {Famphur; systematic name O, O-dimethyl O-[p-[(N,N-dimethylsulfamoyl) phenyl] phosphorothioate} was published by Baughman (1997) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ) . (Fig. 1) is an organophosphorous insecticide and anthelmintic that has also been sold as Cyflea or Proban. It can be taken orally by pets against fleas, and functions as an acetylcholinesterase inhibitor which interferes with neuromuscular transmission in ectoparastites.
Existence of intermolecular carboxylic acid-like hydrogen bonding is observed between inversion-related H1 and O3 pairs (Fig. 2, Table 1 ) resulting in the formation of chains parallel to the b axis. This hydrogen bonding may also contribute to the observed pyramidal shape on the nitrogen. Though Cythioate has a structure similar to that of Famphur (O,O-dimethyl O-[p-[(N,N-dimethylsulfamoyl)phenyl] phosphorothioate; Baughman, 1997) , the differences cannot be ignored as they may be the cause of differences in toxicity/activity. The Cythioate molecule exhibits a mirror plane that is perpendicular to the ring and bisects the sulfamoyl and thiophosphate groups. The presence of this mirror and the absence of one in Famphur result from most of the differences in overall molecular shape as well as specific differences.
Between Cythioate and Famphur a 70 σ difference in the O2-P-S1 bond angles, a 60 σ difference in the O2-P-O2a angles, and a 65 σ difference in O1-P-S1 bond angles are observed. This may be due to the distortion of the phosphorothioate group caused by the hydrogen bonding in Famphur. Interestingly, the P1-O1, P1-O2, and P1-S1 bond lengths are within 3 σ of each other.
Crystals were grown by slow evaporation of a solution in EtOH.
Refinement
Approximate positions of the six symmetry-independent H's were first obtained from a difference map, then placed into "ideal" positions and refined as a rotational group. Bond lengths were constrained at 0.93 Å (AFIX 43) for aryl C-H's at 0.96 Å (AFIX 137) for methyl C-H's; and at 0.86 Å (DFIX s: N1-H1 = 0.86 Å; H1···H1A = 1.404 Å ; S2···H1 = 2.092 Å to insure that H1-N1-H1A = 109.5°) for N-H's. U iso (H) were fixed at 1.5U eq (parent) for NH and methyl H's, and 1.2 U eq (parent) for all other H's.
In the final stages of refinement, two reflections with very small or negative F o 's were deemed to be in high disagreement with their F c 's and were eliminated from final refinement.
Computing details
Data collection: XSCANS (Bruker, 1996 ); cell refinement: XSCANS (Bruker, 1996) ; data reduction: XSCANS (Bruker, 1996) 
